Introduction
COPD is a highly prevalent respiratory condition with substantial attributable morbidity and mortality. In the USA, COPD affects 24 million adults and is predicted to be the third leading cause of death by 2020. 1, 2 The economic burden of COPD is substantial, with US estimated medical costs in 2020 projected to be ~$49 billion. 3 Exacerbations of disease account for 50% of the medical costs in the developed nations and also 4, 5 The prevention of exacerbations, especially hospitalizations resulting from COPD exacerbations, has become a focus for policy makers and a subject of clinical practice guidelines. 6, 7 COPD has traditionally been diagnosed in patients with obstructive physiology as measured by spirometry and with a compatible clinical history of smoking or other risk factors. 8 Risk factors for exacerbations of COPD have been shown to include the severity of COPD and a history of exacerbations. 9, 10 Recently, there has been increased awareness that some patients with a history of smoking have clinical signs and symptoms consistent with a diagnosis of COPD without having obstruction demonstrated on spirometry. 11, 12 Practitioners caring for patients with chronic respiratory illness may manage patients diagnosed with COPD who may not have airflow obstruction on spirometry. The goal of reducing respiratory exacerbations leading to hospitalization in a heterogeneous outpatient population clinically diagnosed with COPD is challenging because the management of patients diagnosed with COPD without spirometric evidence of obstruction is not well defined and the rate and risk factors for hospitalization for respiratory problems in such patients are not well understood.
We chose to study a population of patients from an academic Internal Medicine Clinic over a 3-year period diagnosed with COPD by their health care provider. We included patients who had spirometry performed and used Global Initiative for Chronic Obstructive Lung Disease (GOLD)'s classical threshold of forced expiratory volume in the first second (FEV 1 )/forced vital capacity (FVC) 70% to determine whether obstruction was present or absent. 8 We compared patients who had obstruction on spirometry with those who did not in terms of demographics, comorbidities, spirometry, eosinophilia, treatment, and hospitalization for respiratory problems. We hypothesized that patients with spirometric evidence of obstruction would be more likely to have hospitalization for respiratory problems compared with those who did not. We subsequently examined the study population for the association of risk factors with hospitalization for respiratory problems.
Materials and methods study design and patients
The Henry Ford COPD K15 Study was a single-center retrospective observational study performed at an academic urban tertiary care center located in Detroit, MI, USA. The study was approved by Henry Ford Hospital Institutional Review Board (#10889; assessing clinical factors in patients having COPD and the impact it has on both emergency department visits and hospital admissions). A waiver for informed consent was obtained as the study posed a minimal risk to all the subjects involved, with no patient interaction and no compromise in patient rights or welfare. Patient confidentiality was maintained through password protected computer files to store data and e-mail exchange involving password protection and encryption. The study population included all patients participating in an academic Internal Medicine Clinic in 2014 with the International Classification of Diseases, Ninth Revision, diagnosis of COPD (Table S1 ) who had spirometry performed within the institutional database for the period 2013-2014. Subjects with active malignancy (other than stable prostate cancer) and a history of organ transplantation were excluded.
Data collection and variables
Spirometry and demographics were extracted from a pulmonary function test database for the period 2013-2014. The definition of obstructive versus nonobstructive diseases as well as the severity of COPD was taken from the GOLD. 8 Hospital admission data for the period 2014-2015 were extracted from the electronic medical record (EMR), after which EMR review was performed using diagnosis-related group codes to identify hospitalization for respiratory problems (Table S2) . Pharmaceutical data for all outpatient medications prescribed in the period 2014-2015 were extracted using a pharmaceutical database. Medications were categorized into COPD-relevant pharmaceutical classes. EMR review for the period 2014-2015 was performed to extract patient-specific data, including the history of cardiac disease, asthma, chronic kidney disease, active malignancy, and transplantation; chronic oral glucocorticoid use; the maximum eosinophil percentage; and the maximum eosinophil count.
Definitions
Based on the presence or absence of obstruction, subjects were categorized as either having classical COPD or having nonobstructive pulmonary disease. The classical COPD cohort was defined as having obstruction on spirometry using GOLD's criteria of FEV 1 /FVC 70%. 8 The nonobstructive cohort did not meet GOLD's criteria of FEV 1 /FVC 70% for obstruction, 8 however received a clinical diagnosis of COPD by a board-certified internal medicine specialist, likely due to a similar clinical presentation. Comorbidities were defined as being present if listed in a physician problem list during the study period. Chronic steroid use was defined as Associations between risk factors and two or more hospitalizations for respiratory problems were studied in the study group first by using a univariate analysis. Nontreatment risk factors were chosen for a multivariate analysis if they were associated with respiratory hospitalizations at a significance level of p0.1. MENT, MEN, and MEP demonstrated collinearity in a correlation matrix, and therefore, only the former was included in the analysis. Results were considered to be significant in the multivariate analysis if a p0.05 was found. The same strategy was applied to the study of associations between risk factors and all respiratory hospitalizations in the nonobstructed cohort. Respiratory hospitalization was chosen rather than two or more hospitalizations for respiratory problems in the nonobstructed cohort because of the small number of patients with multiple respiratory hospitalizations.
Results
Of 657 patients visited the Internal Medicine Clinic during 2014 diagnosed with COPD, 242 patients (36.8%) had spirometry performed in the period 2013-2014. A total of 210 subjects were included in the study population among whom 157 had airflow obstruction and 53 did not (selection algorithm, Figure S1 ). Table 1 demonstrates comparisons of study variables between those patients with and without obstruction. Table 2 displays the study population categorized by the GOLD stage 8 with the rate of exacerbation leading to hospitalization indicated for each group.
We assessed the study population for risk factors associated with two or more hospitalizations for respiratory problems. A univariate analysis was performed for nontreatment (Table 3 ) and treatment (Table 4 ) risk factors with two or more respiratory hospitalizations as the outcome variable. We then performed a multivariate analysis with two or more respiratory hospitalizations as the outcome variable and considering MENT, male gender, and FEV 1 % predicted as nontreatment risk factors. Of 210 patients, 188 were included in the analysis, with 22 cases excluded for missing MENT data. MENT above the threshold of 0.5 K/µL (p=0.001, OR =3.792, 95% CI =1.676-8.582) and % predicted FEV 1 (p=0.031, OR =0.978, 95% CI =0.959-0.998) were significantly associated with two or more respiratory hospitalizations in the model, whereas male gender (p=0.097, OR =1.874, 95% CI =0.892-3.937) was not.
We extended our analysis to the cohort of the study population that did not have obstruction. In the nonobstructed cohort, 16 patients had one or more respiratory hospitalizations, and 7 patients had two or more respiratory hospitalizations. We used one or more respiratory hospitalizations as the outcome variable for the nonobstructed cohort and considered nontreatment (Table 5 ) and treatment (Table 6 ) risk factors in univariate analyses. We then performed a multivariate analysis with one or more respiratory hospitalizations as the outcome variable and considering MENT and FEV 1 % predicted as nontreatment risk factors. MENT above the threshold of 0.5 K/µL (p=0.032, OR =5.087, 95% CI =1.147-22.557) was significantly associated with one or more respiratory hospitalizations in the model, whereas % predicted FEV 1 (p=0.147, OR =0.971, 95% 95% CI =0.934-1.010) was not.
Among 37 patients in the study population with an increased MENT, 76% were prescribed inhaled corticosteroid (ICS) and 16% had a codiagnosis of asthma. Of 7 patients not prescribed ICS in this group, 5 patients had no respiratory hospitalizations.
Discussion
The most important findings of this retrospective study of a clinically diagnosed population of patients with COPD were that the FEV 1 /FVC ratio was not closely associated with respiratory hospitalization, whereas a close association was demonstrated between elevated serum eosinophils and respiratory hospitalization in all groups of patients. We demonstrated specific differences between obstructed and nonobstructed COPD patients in terms of demographics and treatment, but both groups had high rates of respiratory hospitalization. While there was a trend toward increased respiratory hospitalizations in patients with more severe COPD by GOLD stage of disease, the differences between groups did not achieve statistical significance. The nontreatment risk factors most closely associated with more than two respiratory hospitalizations were MEN, MEP, and MENT. MENT was the risk factor most closely associated with two or more respiratory hospitalizations when controlling for other risk factors by multivariate analysis and was the only nontreatment risk factor associated with respiratory hospitalization in the cohort of patients without obstruction.
The definition of COPD has classically included the presence of obstruction as measured by spirometry, and disease severity has been categorized based on the degree of obstruction. 14, 15 This view has been challenged by the recognition that the presence of obstruction by spirometry is not a highly accurate independent risk factor for clinical outcomes and that consideration of other factors improves outcome prediction. 8, 16 When considering exacerbations of 
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Veljanovski and Ouellette COPD, severity of disease as defined by the GOLD classification has been shown to be a predictor of the rate of exacerbations. 17, 18 However, the data suggest that patients clinically diagnosed with COPD without airflow obstruction are not simply at risk of developing COPD but may also have clinically significant disease with respiratory symptoms. 11, 12 In our study population, we found that there was a trend toward increased respiratory hospitalizations (Table 2) as the severity of COPD as indicated by the GOLD classification increased. This did not reach significance, probably because of the size of our study group. Obstruction by spirometry, as defined by a decreased FEV 1 /FVC ratio, was not a risk factor for two or more respiratory hospitalizations, although there was a weak association between a low FEV 1 and two 
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risk factors for respiratory hospitalizations in COPD patients long-acting beta-agonist (LABA), and ICS, prevent acute exacerbations of COPD. 7 In our study population of patients with COPD, we found that the prescription of multiple agents was positively associated with respiratory hospitalization (Tables 4 and 6 ). We believe that the most likely reason for this finding is that clinicians-treated patients thought to be at risk for respiratory hospitalization more aggressively and with more agents compared with those thought not to be at risk. Our study was retrospective, and in the absence of treatment protocols or algorithms, clinician's prescribing practices were not controlled. An alternative explanation that these agents caused respiratory hospitalization in the study population seems very unlikely given the known effects of these drugs. 7 Patients in the study population without obstruction by spirometry were often treated with bronchodilator and anti-inflammatory agents, though not to the same extent as those with obstruction ( Table 1 ). The data are extremely limited regarding appropriate treatment regimens for patients with COPD without airflow obstruction, and further research is needed. 11, 12 Increased number and proportion of blood eosinophils have been associated with exacerbations of COPD in some but not all studies. [22] [23] [24] Couillard et al found that 55 of 167 patients with COPD had eosinophilia defined as 200 eosinophils/µL or 2% of the total leukocyte count during a respiratory hospital admission for COPD and that these patients had a 3-fold risk of respiratory hospitalization over the subsequent year as well as a shorter time to the next exacerbation. 22 Vedel-Krough et al studied a large cohort of COPD patients from a population database in Copenhagen and determined that an eosinophil level 0.34×10 9 cells/L was associated with a 1.76-fold increase of severe exacebations. 23 On the other hand, Bafadhel et al examined 243 COPD patients with respiratory hospitalization and determined that elevated eosinophil levels were not associated with an increased rate of respiratory hospitalization and that the mean length of stay for the index respiratory hospitalization was shorter than that of other patients. 24 COPD patients with eosinophilia have been postulated to be more responsive to corticosteroid treatment and to have better outcomes compared with other COPD patients. [24] [25] [26] We measured eosinophil levels in our study population and found that MEN, MEP, and MENT were associated with respiratory hospitalization both in the study population as a whole and in the cohort of patients without obstruction by spirometry. Our observations suggest that eosinophilia may be a risk factor for exacerbations of COPD in patients both with and without obstruction by spirometry. Most patients in our study population were prescribed either LABA/ICS or or more respiratory hospitalizations. We found a high rate of respiratory hospitalizations among patients diagnosed with COPD, but not having obstruction on spirometry. This finding is consistent with the findings of other recent works 11, 12 and suggests that future perspectives of smoking-related lung disease may need to incorporate such patients.
While guidelines continue to emphasize the need to obtain spirometry to confirm the diagnosis of COPD, 8 practicing physicians often fail to comply with this recommendation. 19 Many patients with a diagnosis of COPD considered for our study did not have spirometry performed, a result that is consistent with that of Han et al, who found that only 32% of clinically diagnosed COPD patients from a large insurance database had spirometry performed. 19 The implication of these data is that clinicians are diagnosing patients with COPD in the absence of recent and regular spirometry measurements and are providing treatment based on clinical signs and symptoms. Our data concerning treatment reflect that treatment strategies prescribed for patients diagnosed with COPD without obstruction on spirometry are similar to that prescribed for patients with obstruction. More data are needed in patients with smoking-related lung disease without obstruction by spirometry to understand which medications and regimens lead to improved clinical outcomes.
We considered the possibility that a different comorbidity profile between the obstructed and nonobstructed patients in our study population could account for the lack of difference in respiratory hospitalization between the two groups. Andersen et al have demonstrated in a population from Finland that patients with the COPD-asthma overlap syndrome have increased hospitalization rates when compared to patients with either COPD or asthma alone. 20 Braunstein et al demonstrated that, in a population of elderly patients with chronic heart failure in the USA, the additional diagnosis of COPD was significantly associated with an increased rate of hospitalization. 21 Among the patients in our study population, the prevalence of congestive heart failure, asthma, and chronic kidney was not different between the obstructed and nonobstructed groups, with trends toward a lesser prevalence of each comorbidity in the nonobstructed group. While this suggests that a difference in comorbidities does not account for the similarity in respiratory hospitalization rates between obstructed and nonobstructed patients, our assessment is limited by the fact that comorbidity data were obtained by extraction from the EMR rather than from a comprehensive clinical assessment.
Criner et al performed a systematic review of the literature and demonstrated by a meta-analysis that multiple pharmaceutical agents, including long-acting muscarinic agents (LAMA), ICS, suggesting that the measurement of eosinophilia may be a useful marker even in patients receiving therapy.
Our study is limited by being a single-center retrospective study and the one that involves a largely urban and black population. Nearly two thirds of the available population was excluded because spirometry was not performed by clinicians. No treatment algorithms were in place to standardize the management. These elements of our study may prevent others from generalizing our results to their patients. In addition, we accepted clinicians' assignment of the diagnosis of COPD without imposing any other criteria. Although this approach may be relevant to the "real-world" management of such patients, it may have biased our patient selection toward patients with respiratory complaints and hospitalizations due to multiple causes and may be difficult to reproduce and apply in other practice settings.
Conclusion
In a population of patients diagnosed as having COPD by their clinician who had spirometry performed, the presence of airflow obstruction as measured by a reduced FEV 1 /FVC was not a risk factor for respiratory hospitalizations. The most significantly associated nontreatment factor associated with respiratory hospitalization, both in the study population as a whole and in the cohort without obstruction, was eosinophilia. Further research is needed to confirm these findings and to develop management strategies for COPD patients with eosinophilia and for those without airflow obstruction.
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